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1. Bfie^eHHe. IlocTaHOBKa aa^anH 

OflHOH H3 BajKHbix xapaKTepHCTHK ajireSp JIh aBjiaiOTca HHBapHanTHbie onepaTopbi 
KonpHCoeflHHeHHoro npeflCTaBJieHHa. AjireSpanHecKne HHBapnaHTbi (KJiaccHnecKHx) 
ajire5p oSbinno nasbiBaiOT HHBapnaHTaMH hjih onepaTopaMH KasHMHpa. 3th 
HHBapnaHTbi nrpaiOT Ba>KHyio pojib b TeopHH npe^CTaBjieHHii, a TaK>Ke bo 
MHornx 4)H3HHecKHX npHJiojKeHHax (iviaccoBbie (J)opMyjibi j^Jia MyjibTHnjieTOB, 
snepreTHHecKHe cneKTpbi, KBanTOBbie HHCJia h t.^.). Sa^a^a OTbiCKanHa HHBapHanTOB 
KasHMHpa (t.g. nojiHHOMnajibHbix HHEapnaHTOB) j^jisi KJiaccHnecKHx ajire6p 6biJia 
pemena b pa^e pa5oT |Kl ll4| ITK | ll6|. B ^acTHOCTH, ^hcjio neaaBHCHMbix HHBapHanTOB 
npocTOH ajireSpbi JIh paBHO panry ajireSpbi [THj. B stom cjiynae, aa^ana CBOflHTca 
K anajiHsy n;eHTpa yHHBepcajibHOH o5epTHBaiOHi;eH ajireSpbi B cjiynae 

HeHOJiynpocTbix ajire6p JIh HHBapnaHTbi KOHpHCoe^HHHeHoro npe^CTaBjieHHa MoryT 
6biTb pan;HOHajibHbiMH hjih Hppan;HOHajibHbiMH. HivieiOTca ;i;a>Ke ajireSpbi JIh Sea 
HHBapHaHTOB, KaK nanpHMep Jg[(n, M) hjih ^ByMepnaa neaSejieBa ajireSpa X2- 
3to Ho;i;pa3yMeBaeT, hto ajibTepnaTHEHbie MeTo;i;bi ;i;oj[jKHbi 5biTb pasBHTbi, htoSm 
Bbi^ycjiyTb HHBapnaHTbi . TaKHM o6pa30M, BbinncjineHHe HHBapnaHTOB TpeSyeT 

paSpaSOTKH HHblX MeTOflOB. 

B CTaTbax [3 IHl Smjih HCCJieflOBaHbi HHEapnaHTbi Kaanivinpa ajireSp JIh 
HeoflHopoflHbix rpyHH h flpyrnx ajireSp, HMeioiii,Hx Ba>KHoe SHaneHHe b (|)H3HKe. 
HHBapnaHTbi Tpex-, neTbipex- h nsTHMepHbix ajireSp Smjih BbiHHCJienbi b jTHI, a 
fljifl paapeiHHMbix ajireGp mecToro nopa^Ka b |12| h [^j. /Jpyrne peayjibTaTbi o6 
HHBapnaHTax MoryT 6biTb Han^eHbi b O O IH] • 

KaK H3BecTH0, JiioSaa npoHSBOJibHaa ajireSpa JIh g coctoht h3 flByx HacTeii: 
pa^HKajia r h (|)aKTopajire6pbi g/x. Oyn^aMeHTajibHaa TeopeMa JleBH-Maj[bn,eBa 
;i;aeT hojihog OHHcaHne SToro pasjiojKeHHa (naabiBaeMoro pasjiojKeHHeM JIgbh). A 
HMGHHO, j[io6aa ajireSpa JIh anjiaeTca HOJiynpocTOH cyMMoii g = s^/jt pa^HKajia r 
H HOJiynpaMOH HO^ajireSpbi s (nasbiBaeTca 4)aKTopoM JIgbh), r;i;e R -Hpe;i;cTaBj[eHHe 
ajireSpbi s t.h. 

R{X) * [Y, z] = [R{x) *Y,z] + [Y, R{x) * z],yx e s, VF, Z e x. (1) 

B nacTHOCTH, fljia Bcex X G s onepaTop R - BHemnee flH(J)(|)epeHn,HpoBaHHe ajireSpbi 

X. 

3to H03B0JiaeT CBecTH aa^any Kj[accH(J)HKan,HH ajireSp JIh k cjie^yiomnM cjiynaaM: 

(i) KjiaccH4)HKan,Ha Bcex HOJiynpocTbix ajireSp JIh, 

(ii) KjiaccH4)HKan,Ha Bcex paapemnMbix ajireSp JIh, 

(iii) KjiaccH(J)HKaH;Ha Bcex ;i;H4)4)epeHH;HpoBaHHH paapemnMbix ajireSp b coobgtctbhh 
c KjiaccH(|)HKan,eH npocTbix ajire5p JIh. 

Sa^ana 1 pemena HOJiHOCbio (cm. nanpHMep fD]), no aa^ann 2 n 3 pemenbi 
jiHHib HacTHHHO (KJiaccHc^DHKai^Ha BeinecTBeHHbix paapeniHMbix ajireSp Majibix 
pasMepnocTen nsBecTna, cm. [HI HHI-) B pa6oTe [21] Sbijia flana KjiaccH(J)HKan,Ha 
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HepasjioJKHMbix ajire6p Jim THna g = sQ)rX, KOTopbix pasMepnocTH ne npeBbimaiOT 
^eBaTH, a b pa6oTe [S^ KJiaccH4)HKaii;a ajireSp JIh 10-ro nopaflKa cneii;HajibHoro BH;i;a. 

B Hamefi paSoTe naiifleHbi oSoSmennbie HHBapnaHTbi KonpHCoe^HneHHoro 
npeflCTaBJiGHHa HepasjiojKHMbix ajireSp JIh n-ro nopa^Ka c HeTpHBHajibHbiM 
pasjiojKeHHeM JIgbh, r^e n < 8. 



2. AnajiHTHHecKHH mbto^ h neKOTopbie KpHiepHH 

Mbi KopoTKO HanoMHHaeM o CTan^apTHOM MeTO^e, ^toSm onpe^ejiaTb HHBapHanTbi 
KonpHCoe^HHeHHoro npe;i;cTaBJieHH5i ajireSpbi JIh g, b nacTHOCTH ee onepaTopbi 
KasHMHpa. HycTb {C^^ } — CTpyKTypHbiii Tenaop ajire6pbi JIh q b Saance {Xi, .., 
HycTb 

Xi = C^^xA^ (2) 

— npeflCTaBjiGHHe ajireSpbi JIh flH(|)(|)epeHn,HajibHbiMH onepaTopaMH, r^e [Xj,Xj] = 
C^jXk {I < i < j < n, l<k<n). AnajiHTHHecKaa 4)yHKn;H5i na q* 

HasbiBaeTca nHBapnaHTOM (KOHpHCoeflHHHenoro npe^CTaBjieHHa) ajire6pbi g ecjiH 
F{f) = F{ad*{f)) jijisi jiioSbix / G g h (7 G G, r;i;e G — rpynna JIh, accon;HHpoBaHHaa 
c ajireSpoH q. 

IIpefljioaceHHe 1 <I>yHK%UH F{xi, ..,Xn) na Q* neAfiemcH UHeapuanmoM aji2e6pu 
JIu mozda u mojihKO mosda, Kosda 

=Cjxfc^F(xi,..,x„) = 0, 1 < i < n. (3) 

CncTeivia Q — sto CHCTeMa jiHHeiiHbix o^Hopo^Hbix flH(J)(J)epeHn,HajibHbix 
ypaBHeHHH b nacTHbix HpoH3Bo;i;Hbix nepBoro HopaflKa. ^Jia ajireSpbi JIh q 
cyHi;ecTByeT HOJiHbiH naSop h3 A/'(g) HHBapnaHTOB, r;i;e N'ig) — ajire5pa JIh 
onpe^ejiaeTca (J)opMyjiOH 

J\f (0) = dim fl - rank (Cjxfc) . (4) 

TJjiH yfloScTBa H3Jio>KeHHfl Mbi BKpaTn,e nepeHHCJiaeM neKOTopbie KpHTepnH, 
HcnojibsyeMbie npn pemeHHH aa^a^n HHTerpHpoBanHa CHCTeMbi ^ ^jia ajireSp JIh, 
KOTopbie Mbi paccMaTpHBaeM b HacToain;eH paSoTe. 

KpHTepnii 1 Ec/iu q usoMopcfina npouseodnou aAse6pe [q,q], mo aA2e6pa UMeem 
moAhKO noAUHOMUGAbHue UHeapuaHmu. 

^OKaaaTejibCTBO stoh TeopeMbi, KaK h pa^a ;i;pyrHx, mm 3;i;ecb ne 
paccMaTpHBaeM. Ero mo>kho naiiTH b KaK mo>kho ^OKaaaTb, ecjin (nenojiynpocTaa) 
ajireSpa g y;i;oBJieTBopaeT ycjiOBHio g = [g,g], to pa^HKaji ajire6pbi HHJibHOTeHTen 
(cm. HanpHMep [2j). J\ji5i nojiynpaMbix cyMM cnen,HajibHoro BH^a HMeeT mgcto 
cjieflyiomaa TeopeMa |H: 
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npe^jio:a<;eHHe 2 Uycmb q = Ri)m {fn > 1) —aAse6pa JIu c odnoMepHUM 
v^eHmpoM, zde s = si (2, M) uau so (3) u \)m - aAse6pa reu3eH6epsa pasMepHocmu 
(2m + 1). Tosda Af (g) = 2, u HeUfeHmpaAhHuu UHeapuanm C sadaemcH (popMyjiou 



C 



\ 



( 



\ -X\ -X2 -Xs -\xa 



Xi 
X2 

2"^dim g— 1 





(5) 



riycTb R — npe;i;cTaBJieHHe ajireSpbi JIh s h mult£)^^{R) - KpaTHOCTb 
TpHBHajibHoro npe;i;cTaBJieHH5i Dq b R. 



IIpefljio^ceHHe 3 Uycmh g = 5®rx:. Ecau multDo{R) 
HUAbnomeHmeH. B HacmHocmu, N'ig) > 0. 



0, mo paduKUA 



TJoKaaaTejibCTBO mo>kho naiiTH b |21| . Tor^a nepasjiOKHMbie ajireSpBi JIh, 
KOTopbie sBjiHiOTCH nojiynpHMOH cyMMOH nojiynpocToii h HHjibnoTeHTHoii ajireSp JIh 
y^OBJieTBopaiOT KpHTepnio 1 ||. B |TH| cjieflyioin;He peayjibTaTbi Smjih nojiyneHbi, 
HTo6bi HpoaHajiH3HpoBaTb HHBapHaHTbi 6opejieBCKHx Ho^ajireSp HOJiynpocTbix 
ajireSp JIh: 

Onpe^ejieHHe 1 AnaAumuHecKaH (pyHKii,UH F{xi, ..,Xn) nag* Hasueaemcn omnocu- 
meAbHUM UHeapuanmoM aAse6pu g, ecAU 

[F,X,] = \Xi, (6) 

Sam a'K)6ux Xi G q, sde Xi - hucaooou MHOofcumeAb. 

JleMMa 1 Ecau F u G omnocumeAbue UHeapuanmu aA2e6pu g c hucaobumu 
MHOMCumeAHMU Ai (come. \2), mo F^'^G~^^ ecmb uneapuanm aAse6pu. 

/^OKasaTejibCTBO. HycTb X — ajieivieHT ajireSpbi g. 

[X, F^-'Q-^'] = XF^^G-^' - F^^G-^^X = [X, F^''] G'^' - F^''G^' [X, G^ 
= AiAsF^'G^^^ - F^^G-^-\X2XiG^')G-^' = 0. 



C noMombK) 3T0H JieMMbi MOJKHO Hsy^aTb HHBapnaHTbi HOJiynpaMbix cyMM sQ) Rt 
nojiynpocTbix h paapeniHMbix ajireSp JIh. 

npefljio»ceHHe 4 Uycmb g -aAse6pa JIu n g - nodaA2e6pa KopasMcpnocmu 1 manaM, 
umo UMeem Mecmo CAedywiu^ee moofcdecmeo: 



A/"® = me) - 1- 



(8) 



II HnjibnoTeHTHbie ajire6pbi ne yflOBjieTBopfliOT STOMy KpHTepnio, ho TaKJKe hmgiot tojibko 
HHBapHaHTbi KasHMHpa llOj . 
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Toeda gchkuu UHeapuanm aAze6pu g HejinemcH UHeapuanmoM manafce u nodajize6pu 
Q. B HacmHocmu, cymecmeyem SAeMeHm X ^ g, maKou nmo 

Sah Kaofcdoso UHeapuanma aAse6pu g. 

/^OKasaTejibCTBO. Illapn h pp. noKaaajiH b [T^, hto hhcjio Heo5xo;i;HMbix 
BHyTpeHHHx pasMeTKOB HHflyn,HpoBaHHoro npeflCTaBjienHa ajireSpbi g accon,HHpoBaHHoe 
c peflyKii;HeH g '^g paBHaeTca 

n=^{dimg-^(g)-dimg-Ar{g)) + l', (10) 

r^e /' - HHCJio oSmHx HHBapHanTOB, KOTopne tojibko saBHcaT ot renepaTopoB 
no;i;ajire6pbi g. B stom cjiynae (J)opMyjia (fTn|) flaei: 

n= ^(-2dimAr(fl)) + Z'>0, (11) 

Tor^a /' = Af(g)- Ha btofo cjie^yeT, hto bcsikhh HHBapHanT F ajire6pbi g saBHCHT 
TOJibKO OT renepaTopoB noflajireSpbi g. 3to no;i;pa3yMeBaeT cymecTBOBaHHe sjieivieHTa 
X ^ g, TaKOH ^To 

- 

dx 

jlJisi KajK^ioro HHBapnaHTa ajire6pbi g. ■ 

CjieflCTBHe 1 Ilycmb g = s'^ rX c multDa{R) = 1- Uycmb X G t m.H. [s,X] = 0. 
EcAU [X, Z{n)] 7^ 0, sde n - HUAbpadunaA aA2e6pu x, mozda 
OF 

dAM A'K)6oso UHeapuanma F aAze6pu g. 

IIpefljioaceHHe 5 Uycmb R - nenpueoduMoe npedcmaeAenue aA8e6pu si{2,M.) au6o 
so (3). EcAU dimi? > 3, mo cymecmeyem MancuMaAbuan cucmcMa Fi uueapuaumoe 
KasuMupa noAynpsiMou cyMMU g = ndimRLi, nomopue he saeucnm om 
nepcMCHHUx xi,X2,X3, omeeHatov^ux (panmopy Jleeu. 

^OKasaTejibCTBa sthx cbohctb MoryT SbiTb HaH^eHbi b [2 
3. HjijiiocTpaTHBHbiH npHMep 

OnnmeM, KaKHM oSpaaoM HHBapnaHTbi npHBo;i;aTca b Ta5jiHii;ax 1-4. OcTaBinneca 
cjiy^an HCCJie^yiOTca anajiornHHO. HycTb Lg^ — ajireSpa JIh, b KOTopoii CKoSKa HMeeT 
BHfl: 

[Xi,X2] = X3, [XijXa] = — X2, [X2,X3] = Xi, [XijXs] = Xg, 

[XijXg] = — X5, [X2,X4] = — Xg, [X2,X6] = X4, [X3,X4] = X5, 

[-'^Sj-^s] = — X4, [X4,X8] = X4, [XsjXg] = X5, [XgjXg] = Xg, 

[X7,X8]=pX7, (p^O). 
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B 6a3Hce {Xi, ..,Xs}. B 3tom cjiynae J\f{Ls^i) = 2. CncTeMa (jH]) npHMGT bh^ CHCTeMbi 
8 ypaBHeHHH, h3 nepBbix 7 ypaBHeHHii KOTopofl cjieflyeT, hto HHBapnaHTbi ne saBHcaT 
OT Xs- HocjieflHee ypaBnenHe btoh CHCTeMbi HMeeT bh^: 
- ^ OF OF OF OF 

XsF := X4- hX5- \-X6- \-px7-— = 0. (13) 

0X4 0X5 OXq OX-j 

Ajire6pa Lg ^ co;i;epjKHT H;i;eaji 7-ro nop5i;i;Ka, KOTopbin H30Mop4)eH ajireSpe Lq i © Li 
(cm. Ta6jiHn,a 1). 3Ta ajireSpa MoaceT HMeTb TOJibKO nojiHHOMHajibHbie HHBapHanTbi. 

(PaKTHHeCKH, H3 paSJIOJKHMOCTH CJie^^yGT, HTO 

Ar(L6,i © Li) = Ar(L6,i) + Ar(Li). (14) 

AjireSpa Lq^i y^oBjieTBopaeT KpHTepHio 1, cjie^OBaTejibHO, ona HMeeT TOJibKO 
HHBapnaHTbi KasHMnpa. Pemaa cncTeMy Q noflajire6pbi L^ i nojiynaeM HHBapnaHTbi: 

1 — ^4 \ ~r 
I2 = XiXa + 3:2X5 + X^Xq 

h = xj. 

H3 npe^JiOKeHHa 4 cjie^yeT, ^to Ii, I2, 13 HBjiaiOTca OTHOCHTejibHbiMH 
HHBapnaHTaMH ypaBneHna (|13|1 . HncjiOBbie MHOJKHTejiH HMeiOT bh^ 

Xs (Jl) = -2/1, Xs ih) = -I2, Xs (Is) = -Ph, 

H3 3Toro cjieflyeT, hto ajireSpa Lg 1 hmmct pan,HOHajibHbie HHBapnaHTbi, KOTopbie 
corjiacHO jigmmm 1 aanncbiBaiOTca b BH;i;e: 

_if _{xi+xi+xir 
Jl — -p^ 



J2 2 

/f (xia;4 + X2X5 + XgXg)^ 
-'2 - ^ 
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Ta6jiHi];a 1. Ajire6pbi pasMepnocTH < 7. 



Ajire6pa CTpyKTypHbie KOHCTanTbi HnBapnaHTbi 



7" 

^5,1 


n2 

/^4 




O /^3 

^) '-^13 — 

'^34 — 


/^l 1 

"-^23 — "-^14 

l,C'l5 = -1- 




7" 

Jl = 


2 2 
^3^4 ~ 3^13^43:5 — X2X^ 


T 

^6,1 






-L) "-"12 — 


1 1 

^: ^13 ^15 


-1 

1, 


7" 


2 I „2 I „2 
X4 ~r ~r 










— -'-7 *-^26 ~ ^34 ■ 


T 

= 1, 


7" 

-'2 = 


X1X4 + X2X5 + X3X6 




/^4 




— i. 










T 

^6,2 






'-'13 — 




1, 


J 


2x2a;3a;6 + a;5a;2 + X1X4X5 — x^xj + 22^13^6 








'-^34 — 




1. 


T 


xe 


T 

^6,3 


/^2 
^12 




o /^3 
'-"13 — 


^' *-^23 '^14 


1 

1, 








<^25 




'^34 — 


"-^15 — '^j7 — 


1. 


[J = 


5,6) 


T 


ri2 

^\2 




O /^3 

^) '^13 — 


/^l 1 

'-^23 — "^14 — 


2, 


T 


— 4X4X6 




<^16 




'-^25 


— ^) "^26 — "^34 — 


-1 

1, 


T 


X1X5 + 2X2^6 ~ 2X3X4 




"-"35 




o 
Z. 










T 


'-"23 




-■-) "-"12 — 


1 /^2 1 

"-"13 — ^-L- "-"15 - 


■ 1. 


T 

h = 


(X4 + Xg + Xgj (X1X4 + X2X5 + X3X6j 




/^5 

•-"16 




1 /^B 


— ^J-) "-"26 — -"^J "-"34 '■ 


1 

= 1, 








'-'35 




-i, 0^-7 


= 1 (4 < J < 6) . 








T 


'-"23 




-L) '-"12 — 


1 1 /^7 
"-"13 "-"14 ~ 


1 

2' 


h = 


1 rv^^ 1 rv^^ 1 /y»^ 




<-15 




1 /^5 

2' "-'16 ~ 


1 /^A 1 /^5 
~2' ^17 ~ 2' ^24 


_ 1 
~ 2' 








/^4 
"^25 




1 /^7 
2 ' "^26 


1 r^G 1 

2 ' ^^27 — 2 ' ^^34 


1 

2' 








r^7 

"^35 




1 ^4 

2' "-^36 


1 ^5 1 
— 2' ^^37 — 2- 








T 


/-~(2 
'^12 




/^3 

^> "-"13 — 


/^l 1 /^4 
"-"23 ~ '-"14 — 


-I 


T 

h = 


(2 2\—'P 2 
(X3X4 - X1X4X5 - X2X5) Xg 




/^5 

'-"15 




'-"25 


1 1 /^4 

~ -"^J "-"34 ~ '-^47 ~ 


1, 








/^5 

'-"57 




1 /^6 

-■-5 '-"67 — 










7" 

-t^7,4 


^2 
'-'12 




/^3 

'-"13 — 


^5 "-"23 ~ ^14 ~ 


1 


T 


2\ 1 

(X5X2 + X1X4X5 — X3X4)Xg + 2X2X3 + 




<-"15 




'-"25 


1 1 /^6 
— "-"34 — "-"45 — 


1 

1, 


+ 2^ 


2 
1 




/^4 
'-'47 




1 /^5 
'-"57 — 


1 /^6 
'-"67 — ^- 






(X1X5 + 2X2X6 - 2X3X4)^ (x| - 4X4X5)""^ 


T 


ri2 
^\2 




/^3 
^) '-^13 — 


/^l 1 /^4 
'-"23 ~ '-"14 — 


2, 


/l = 








"^25 


— 2, C'le — 1' ^34 = 


1, 








r~<5 

'^35 




2, = 


1 (j =,4,5,6). 








T 

-t^7,6 


/-«2 
'^12 




/^3 

^) "^13 — 


9 /^l _ 1 /^4 _ 
^1 ^23 — ^14 ~ 


3, 


/l = 


27X4X7 — 18X4X5X6X7 — X5Xg+ 




/^5 
<-15 




1 /^6 

-■-5 '-"16 — 


"Ij ^"[7 = —3, CI5 : 


= 3, 


+4 {xIxa + Xyxl) 




/^5 
'^26 




/^6 

^) "-^27 — 


1) ^34 — 1) C'lg — 2, 








^36 




3. 












/^2 
'-'12 




2; C'13 = 


~2, C23 — 1, — 


^1, 


/l = 


X4X7 — X5X6 










= 1, C%j — 1, C'34 ~ 


1, 








Cl6 




1) C'Jy = 


-1,C|6 = 1- 
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Ta6jiHi];a 2. Ajire6pbi pasMepHOCTH 8. 
Ajire6pa CTpyKTypHbie KOHCTanTbi HHBapnaHTbi 



T 

^8,1 






1 

^> '-^12 — 


1 1 1 

^> '-^13 — ^Ib — ^' 


r ^ 2 1 2 1 2\P —2 








1 

'-^24 




J ( 1 1 \p — 1 

J2 = + X2X5 + 




/^4 

"-"35 




1 /^i 

-1,^8 


= 1 (4 < J < 7) , = p. 




L8,2 


^^23 


— 


l^Q^ = 


1 1 1 
^; '^1?, — '^U — 2' 


i\ = 16(a;4a;5 + xqXj) + [xl + xl + xl + Xj) 




W5 




1 /^5 

2' '-^16 ~ 


1 rii 1 /-~(5 1 
2' '-"17 ~ 2' ^24 — 2' 


+ lb[Xl + X2 + X^)X^ + lbX2Xs[X5XG — X4X7 




/^4 
•-^25 




1 r^7 

2' '-'26 ~ 


1 /^6 1 /^6 1 
2' '-"27 ~ 2' ^34 ~ 2' 


1 ^ /^2 ^2 1 ^2 ^2\ 




n7 




1 

2' '-^36 


1 /^5 1 /^8 1 
— 2' "-^37 — 2' "-^45 — 






r~<8 
'^67 




-1 

— i. 




h = Xg 


T 

-L'8,3 


<^23 




^12 — 


1 1 /^7 1 

'-^13 — ^1 ^14 — 2' 






W5 




1 

2' '^16 — 


1 /-~(4 1 1 
2' '-^17 — 2' '-^24 — 2' 






/^4 
<^25 




1 

2' "-"26 ~ 


1 /^6 1 /^6 1 

2' "-"27 ~ 2' ^34 ~ 2' 






n7 

•-"35 




1 ^4 
2' '-^36 


1 y^5 1 /^4 -I 

~ ~ 2' ^37 ~ 2' '-^48 — 






•-"58 




1 /^6 

'-"68 — 


'-"78 — ^■ 




jp 
-^8.4 


•-"23 




1 /^3 

-L) '-"12 — 


1 /^2 1 /^7 1 

-■-) '-"13 ~ '-"14 ~ 2' 


T 2 1 2 1 2 1 2 
h = XI + xl + Xl + Xj 




<-15 




1 /^5 

2' '-"16 ~ 


1 ^4 1 r-<5 1 
21 '-"17 ~ 2' ^24 — 2' 


h = [xl + Xq) [xs -2x3) + [xi + X^) X8+ 




/^4 
•-^25 




1 /^7 

21 '-"26 ~ 


1 /^6 1 /^6 1 
2' '-"27 ~ 2' ^34 — 2' 


+4 [X2X4X7 — X1X4X5 — X2X5XQ — X1XQX7) + 




r<7 

<^35 




1 /^4 
2' '-'36 


1 /^5 1 /^48 
~ 2' ^37 ~ 2' ^48 ~ Pi 


1 2 1 2\ 

+2x3 [xl + x^) 




^^58 




'^68 — 


r^7 1 
'-^78 ~ Vi '-^48 ~ ~^i 






ri7 

<^58 




1 /~*4 
'^68 


— '^78 — 




T 

-^8,5 


<^23 




'-"12 — 


1 1 /^7 1 

'-"13 ~ '-^14 ~ 2' 


il = Xg (Xy + — — 8X4) + D (Xg — Xyj + 




<-15 




1 /^5 
2' "-"16 


^8 1 /^4 

~ ^) '-"16 ~ ~^i '-"17 ~ 








= 


3, = 


1 rf7 _ 1 /^4 _ 
2' '-'25 ~ 2' ^26 ~ ^? 


/2 = 12 (xl + xi) + 3 (xi + X?) + xi 




^27 




'-"27 


~ '-"28 ~ '^1 '-"34 ~ ^1 






/^4 

'-"35 




'-"36 


1 /^6 1 




T 

-t^8,6 


/^2 
'-"12 




/^3 
'-"13 — 


'-"23 ~ '-'14 ~ 


A = Xg 




W5 




1 /^4 

'-^25 


1 1 /^8 1 

— '-'34 — '-'67 ~ 


I2 — 2x1X4X5 — 2x3X4 + 2x2xi + 4X2X3X8+ 
+X1X8 


Tp,q 
^8,7 






^) '-^is — 


^23 — ^14 — J-? 


7-/2 2\P -2 
/l = (X3X4 - X1X4X5 - X2X5) Xg 


pq/ 


/^5 
<-15 




1 /^4 

^2b 


1 1 /^4 1 

— ^34 — — 


T 1 ^ ^2 ^ ^ ^ ^ ^2\<l „-2 
h — [XsX^^ — X1X4X5 — X2X5j Xy 




/^5 

'-"58 




'-"68 — 






-^8,8 


^\2 




/^3 
^) '^13 — 


1 /^4 1 
'-"23 — -L; '-"14 — ^1 


r / 2 2\P -2 

h = [xsxi - X1X4X5 - X2X5) Xg 




Q5 




"-■-5 '-"25 


— ^1 '-"34 — ^1 '-"48 — 


I2 = (plnxy - Xq Inxe) [PXq) 




C58 






^78 ~ ^1 Cjs = P- 




-^8.8 


^2 
^12 




2; C'13 = 


~2, C23 = 1, Cf^ = 1, 


h = Xq 










— 1> ^34 — 1' ^48 = 1' 


I2 — 2x7 — Xg In (x3x| — X1X4X5 — X2xi) 




C58 




1> ^78 — 


1. 
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Ta6jiHi];a 3. Ajire6pbi pasMepnocTH 8. (npo^ojiJKeHHe) 



Ajireopa 


CTpyKTypHbie 


; KOHCTaHTbl 




TT 

WHsapHaHTbi 


tPiI 
^8,9 




_ r'S — 

— ^) ^^13 — 


^^23 


1 /^4 

— i, 


-1 

= 1, 


T t • W—il t 1 • 




<^15 


1 /~*4 

— 


— '^34 


— <^48 


= 1, 


T / 9 9 \P^+<7^ 

J2 = (3:^32^4 - XiX4:Xr, — X^X2) X 




^58 


= ^^68 — 


P> '^68 — 


/^7 
~Qi '^78 




(2:7 - ixeP"" 




^78 












-^8,10 


'-^12 


— ^? *-'13 — 


'-^23 


1 /^4 

= i, 0]^4 


= 1, 


h = (2X2X3X6 + X|X2 + X1X4X5 - Xsxl) Xq^ 






1 

= ^-l-; *-"25 


= 1 > '^34 


1 /^4 
= -l-) '^48 


= 1, 


1 
2-^1 






1 

= J^) ^-"68 = 


^) '-"78 = 


p. 




h = XjXq" 


-f'8,11 


^12 


= ^) '-"IS = 


~2, C23 


= 1, 


= 1, 


h = (2X2X3X6 + X5X2 + X1X4X5 - X3XI) Xg ^ 




<^15 


1 

= '-"25 


= -'-5 '-'34 


1 /^4 
= -•-> '-"48 


= 1, 






^58 


1 

= '-"es = 


2) '^78 = 


'-"78 = 


p. 


I2 = (2X7 - X6lnX6)Xg^ 


-^8,12 


/~<2 
^12 


O /^3 
— ^) ^^13 — 


'^23 


1 /^4 
= i, Oi4 


= 2, 


T / 9 A \ P 2 

h — (X5 — 4x4X6; X7 






= —2, Cig 


= 2, Cle 




= 1, 


/2 = (a^ia^s - 2x3X4 + 2x2X5)^ xf ^ 






= 2, Cig = 


1> C'lg = 




1, 






^78 


= V- 










T ^ 

-^8,13 


^12 


= ^5 '-"IS = 


~2, C23 


1 /^4 
= -L, (^14 


= 1, 


Jl = X8 






= '^25 


= 1> '^34 


= hcf^ 


= 1, 


T 9/^ 9\i~v /9 9\ 

/2 = exg (4x2X3 + xf) + 2x2X8 (x^ 6X5) 






= "J-) '-^27 


T /^7 

= -L) '-^36 




= 1, 


-2X3X8 (£X| + x|) + 2X6X7 (xiXs + X4X5) 




^67 


= e. 








™2 ™2 
4 7 


-^8,14 


^12 


O /^3 
— ^1 '-'13 — 


'-^23 


1 /^4 
= i, L^u 


= 1, 


II — X4X7 — X5X6 












= 1, 


T 9 

i2 = X1X4X5 + X5X6X8 - X4X7X8 + X2X5 




r^7 
^17 


— ^27 


— '^36 


= '-^48 


= 1, 






^58 


= 1. 








-2:3X1 


-^8,15 




o /^3 
= ^5 '-"13 = 


'2,(72^3 


= ^^cf^ 


= 1, 


Jl = X4X7 - X5X6 - |Xg 






— —1) '^25 


= 1 ) '^34 


= 1:^16 


= L 


I2 = X1X4X5 + X5X6X8 - X4X7X8 + X2X| 




^17 


= '-"27 


= J- ) '-^36 


= '-'67 


= 1, 


1 '-i 9 

gU/g ^-3^4 




'-"68 


= 1 ) '^78 = 


1. 








-^8,16 


C'l2 


= 2, C^'g = 


~2, C23 


— 1) ^"14 


= 1, 






<^15 


1 /~*4 
= '-^25 


= '^34 


1 /^6 


= 1, 






^17 


= ^27 




= 1) C'lg 


= 1, 






^58 


= 1) C'gg = 


(^68 — 


1' ^78 — 


1, 






^78 


= 1. 










-^8,17 


^-^12 


o /^3 

= ^! '-^ia = 


~2, C23 


= 


= 1, 








= '^25 


= 1) '^34 


= l,C'f6 


= 1, 








= ^-l-! '-^27 


1 /^7 
= -■-) '-"36 


= 1) C'lg 


= 1, 






•-"58 


— ^' '-"68 — 


/^7 

P> "-"78 — 


p. 






-^8,17 


'-^12 


= 2, Cj'g = 


~2, C23 


= 1, cj^ 


= 1, 


Jl = X4X7 — X5X6 






— —1) C'ls 




— 1) C'fg 


= 1, 


h = xi (X4X7 + X5X6) + 2x2X5X7 - 2x3X4X6+ 






= ~1) C'27 


= 1) C'lg 


= 1) C'lg 


= 1, 


X8 (X4X7 - X5X6) 




^58 


= 1) C'lg = 


C'lg 


= -1. 
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Ta6jiHi],a 4. Ajire6pbi pasMepnocTH 8. (npo^ojiJKeHHe) 
Ajire6pa CTpyKiypHbie KOHCTaHTbi HHsapHaHTbi 



tP 

^8,18 


/^2 





^13 — 


^23 


1 1 

= i, = i, 







Cl5 





^25 


= ^> ^^34 













1 


= J-) '-^36 


= J-; '-'48 ~ 


X8 {X4X7 - X5Xe) 








'-'58 


^7 

= P, C^58 


1 y^4 1 
~ ^68 — 






'-'68 






*-^78 — 






T 

-^8,18 


/^2 
*-^12 





O /^3 

^) '-^13 — 


'-"23 


T /^4 1 
= i, (_/;^4 = i, 


Ii = X4X7 — 









'-^25 


= 1 > 


= 1=^-66 = 1. 


i2 = Xl [x^Xj + X^Xq) + X2 (Xg + X^) - X2XI + 




/^7 
^17 




"J") '-'27 


= -'-5 '-"36 


= -L, '-'48 = 


+Xs [X^Xq - X^Xj) - XsXq 




^58 


— 


^68 


= 1) ^78 


= 1. 




-^8,19 


^12 


— 


^) ^^13 — 


~2, C23 




h = 2^8 




Cl5 





1 


1 /^7 

— i, O^y 


/^4 


I2 = 12 (X2X3X8 + X2X5X7X8 - XsX^XeXg) + 




*-^26 





^5 '-"27 ~ 


'-"34 = 


'^35 — 


+4 (x4Xg + X3X5X8 + X5X7 - a;2a;ga;8) + 




^36 


— 


Q /^8 




-3. 


1-10/ \ 1 r»^T 9 9 1 

+18 (0:10:40:7X8 — X4XSXQX7) + 27xlx^+ 

1 Q 2 2 2 2 
~roX-|^Xg — ZX\X^XqX^ — X^Xq 


-^8,20 


^12 






2j L^is = 


~2, C23 


= 1, Cf^^ = 3, 






Cl5 





'-"16 — 


1 /^7 

— i, 0;^7 


/^4 
= ""J) '-"25 ~ 






^26 


— 


/"'G 




1, CI5 = 2, 






^36 







•J, (^48 ~ 


'-^58 = 


'-^68 ~ 






r^l 




1. 








-^8,21 


/~<2 
^12 





/^3 

^) ^^13 — 


^^23 


= 1, Cf4 = 4, 


Ii — 8x5X7 — Xg — 12x4X8 









/^7 

= 


'-"18 


= -4, C*!^ = 4, 


i2 = —'iXQ + 9X5X5X7 + 72X4X5X8 — 27X4X7 




^26 




"J) '-'27 ~ 


^5 '-'28 = 


-•-5 '^34 — 


-27x5X8 




r~<6 
'^35 




/^7 

^) '-"36 — 


Q /^8 

"J; '-"37 — 


4. 




-f'8,22 


fi2 




^5 '-"13 — 


~2, C23 


= 1, Cf^ = 2, 


Ii = xj- 4x4X6 




'-'16 




—2, 


— 1 r's 

— -'-5 '-"18 


= ~1? C'25 = 2, 


/2 = X4X8 + X6X7 - X5X7X8 




^2Q 




1; ^28 = 


1; C'|4 = 


1' ^35 = 2, 






r<8 

<^37 




1. 
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